Reconstructing Mohs defects often requires grafting in the form of full-thickness skin grafts (FTSGs) and composite grafts. These grafts can be complicated by a variable and often indeterminable survival rate. Other researchers have found that delaying FTSG reconstruction improves graft outcomes, but the optimal interval between excision and reconstruction remains unclear, and no study has examined the association between delaying composite graft reconstruction and graft survival.
B asal cell carcinoma and squamous cell carcinoma of the head and neck are typically treated with simple surgical excision and Mohs micrographic surgery (MMS). 1 Resultant defects often require repair, and the reconstructing surgeon must select the most appropriate reconstructive modality for the defect, considering functional and aesthetic outcomes. Full-thickness skin grafts (FTSGs) and composite grafts are 2 reconstructive techniques frequently used to reconstruct Mohs defects. However, grafting is associated with an increased rate of necrosis compared with local and interpolated flaps because of the temporary loss of blood supply. [2] [3] [4] The benefit of delaying placement of FTSGs has previously been described by multiple groups.
3, [5] [6] [7] These studies evaluated only FTSG reconstruction, but graft loss is an even greater risk in defects reconstructed with composite (skin and cartilage) grafts. 4, 8 Alterations in surgical technique and use of systemic and topical pharmacotherapy, hyperbaric oxygen, and hypothermia are techniques that improve composite graft survival, but the consequences of delaying reconstruction are still unclear. 8 We hypothesized that delaying FTSG and composite graft reconstruction is associated with decreased risk of graft necrosis and other functional complications. We performed a large retrospective review using logistic regression modeling to evaluate our hypothesis.
Methods

Study Design
We performed a retrospective medical record review from January 1, 2012, through January 1, 2018, at a single academic medical center. Participants in this study were patients of the senior authors (S.S.P. and J.J.C.). All patients had a minimum of 1 week of follow-up after their reconstruction. There were no patients who had to be excluded because of inadequate follow-up or incomplete medical records. All patients who undergo MMS at our institution (University of Virginia Health System) sign a consent form approved by the University of Virginia Institutional Review Board for Health Sciences Research for data and photograph entry into our previously published database. Institutional review board approval extends to all research using this database. 4, 9 Data were deidentified; however, our research database has facial photographs, which by definition is an identifier. This study did not require looking at the photographs but only the outcomes as described in the medical record regarding graft take or complications.
Data Collection
Patient characteristics included in our database were age, sex, smoking status, history of diabetes, use of anticoagulant or antiplatelet therapies, and history of radiotherapy to the head and neck. Perioperative characteristics include the date of MMS, date of reconstruction, defect characteristics, and reconstructive details. Composite location defects were defined as defects that involved more than 1 facial unit. Reconstructive techniques used for each defect were recorded, including local flaps, interpolated flaps, FTSGs, cartilage grafts, composite grafts, and combined reconstruction. Post-MMS wound care was not standardized because of the many MMS surgeons who refer patients to our practice.
Main Outcome Measures
The primary outcome measure was postoperative functional complications; aesthetic outcomes were not assessed in this study. Specific complications included hematoma, infection, dehiscence, epidermal sloughing (epidermolysis), and graft necrosis. Hematoma was defined by clinical examination and included as a complication whether an intervention was required or whether it resolved with observation alone. Infection was defined clinically and treated with antibiotics with or without surgical intervention. Partial graft loss was defined clinically by loss of any portion of the graft, including even a small section of epidermolysis that progressed to a scab; even if the area healed with wound care (as most did), it was counted as partial necrosis. Complete graft loss was defined clinically as greater than 90% loss of the graft. Dehiscence was defined as any separation at the suture line.
Statistical Analysis
Statistical analysis was performed using the R statistical computing language (R Foundation for Statistical Computing Findings In this cohort study of 310 full-thickness skin graft and composite graft recipients with 320 Mohs defects, early reconstruction (defined as Յ6 days) and male sex were associated with increased risk of postoperative complications. These findings are consistent with previously published studies with regard to timing of full-thickness skin graft reconstruction.
Meaning These findings suggest that delaying graft reconstruction can improve viability of full-thickness skin grafts and composite grafts in select patients; this strategy can be considered in patients at increased risk for developing postoperative complications, such as current smokers, patients with large defects, and patients who require use of composite grafts.
252 defects were reconstructed with FTSGs and 71 with composite skin grafts. Patient and defect characteristics are summarized in Table 1 . Of the patients included in the study, 57 (18.4%) were current smokers and 77 (24.8%) were receiving antiplatelet therapy. Defect locations are summarized in Table 1 . Nasal defects were the most common in our population, and nearly 10% were composite defects. The overall number of complications was 107 (33.4%), and the most common complication was partial graft loss (most of which was temporary epidermolysis), comprising 87 (27.2%) of all procedures ( Table 2 ). The mean interval between MMS and reconstruction was shorter in the group experiencing postoperative complications (3.49 vs 5.36 days, P = .009).
For composite graft and FTSG reconstruction, the interval between ablative and reconstructive surgery had a positively skewed distribution with a median of 1 day, a mean of 4.7 days, and a range of 0 to 35 days ( Figure) . Early and delayed reconstructions were defined by a cutoff at the third quartile of 6 days (early reconstruction defined as ≤6 days and delayed reconstruction as >6 days). The baseline characteristics of the patients and defects were compared between those who received early vs delayed reconstruction. The only statistically significant difference was the proportion of complications; the complication rate was 36.4% in the early group vs 22.9% in the delayed group (P = .03) ( Table 3) .
On univariate analysis, male sex, early reconstruction, and increasing defect size were statistically significant variables associated with an increased risk of postoperative complications. A multivariable logistic regression model was constructed with all variables with P < .20 on univariable analysis and additional clinically relevant variables, including age, current smoking status, and composite location. 4, 10, 11 The statistically significant variables in the multivariable regression model were male sex and delayed reconstruction ( Table 4) . Delayed reconstruction had a protective association (odds ratio, 0.52; 95% CI, 0.27-0.97; P = .046), and male sex had a harmful association (odds ratio, 2.51; 95% CI, 1.52-4.20; P < .001).
Discussion
The reconstructive surgeon must decide whether to perform reconstruction in an immediate or delayed manner when repairing Mohs defects. We hypothesized that delaying graft-specific reconstruction would be associated with a decreased risk of graft loss and other postoperative complications, and our regression analyses supported this hypothesis. In patients receiving a composite graft or FSTG, those who underwent delayed reconstruction had 0.52 times lesser odds of experiencing postoperative complications than those who underwent reconstruction early. In addition, male sex was associated with an increased risk of developing postoperative complications. Similar findings have been demonstrated in previous studies 5-8 on early vs delayed FTSG surgery, although to our knowledge, this is the first study to describe patients receiving composite grafts. One of the earliest studies looking at delayed FTSG reconstruction was performed by Thibault and Bennett. 5 They also found that delaying reconstruction (2-8 days) was a protective factor and that male sex was associated with increased rates of graft necrosis. Robinson and Dillig 6 prospectively studied the effect of delaying FTSG reconstruction by 12 to 14 days and found the delayed group had improved wound healing, aesthetic results, and functional outcomes in defects that involved the ala and nasal tip. They noted the development of granulation tissue at the time of reconstruction, which they hypothesized led to improved outcomes in the delayed group. In other studies on both graft and flap reconstruction of Mohs defects delayed more than 2 days, one study 4 found no increased risk in postoperative complications and another 11 demonstrated a harmful effect of delaying reconstruction. 
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Immediately after graft placement, the graft depends on plasmatic imbibition-uptake of fluid and nutrients from the adjacent wound bed. Delaying graft placement allows the development of granulation tissue within the wound bed with its associated vascular ingrowth, which is especially important because electrocautery is frequently used in MMS and tissue that appears to be viable may in fact be condemned because of adjacent cautery burn. Improved vascular wound beds lead to a shortened ischemic period, which can last 48 hours after graft placement before capillary ingrowth occurs, also known as inosculation.
3,7 After ablative surgery, Gruber et al 3 noted an evolution of the wound bed. At 5 to 7 days postoperatively, there was still residual wound necrosis from electrocautery, whereas by 12 to 14 days after excision, significant granulation tissue has formed. We believe that this improved vascular wound bed reduces graft necrosis, which comprised most of the complications encountered in our study. Other proposed theories as to why delaying graft reconstruction is associated with decreases in complications include decreased risk of bleeding and decreased depth of the wound bed. 6, 7 The reason why men were found to have increased risk of postoperative complications in our study and the one performed by Thibault and Bennett 5 is not immediately clear.
Thibault and Bennett 5 proposed that higher sebaceous gland density in men could explain the higher rates of graft necrosis. Men also have increased skin thickness, which may affect graft take. 5, 12 Although not accounted for in our data, the senior surgeons note that patients, regardless of sex, with thicker sebaceous skin routinely have more graft complications. In addition to needing to leave a thicker graft to match the surrounding skin, it is possible that the higher bacterial load in the sebaceous glands contributes to graft failure. We found on univariate testing that male sex, defect size, and early reconstruction were associated with an increased risk of developing postoperative complications. On univariate analysis, age, current smoking status, composite location, history of diabetes, and anticoagulant medication use were not associated with an increased risk of postoperative complications. These variables were chosen because they have previously been reported by others to affect postoperative outcomes. Smoking has been found in several studies 4, 10, 13 to be associated with increased complications in Mohs defect reconstruction. However, a large prospective study 14 found no increased risk of necrosis after cutaneous surgery in smokers vs nonsmokers. Although there is mixed evidence on whether smoking is associated with increased risk of postoperative complications, smoking cessation is highly encouraged because of the known negative association it has with wound healing.
15
In a previous study, 4 which evaluated all Mohs defect reconstruction modalities, smoking was associated with increased risk of postoperative complications. In that study, 4 the rate of smoking was 20.5% in 591 patients, whereas in our current study, the prevalence was slightly lower at 18.4% of 310 patients. The larger sample size and higher prevalence may have made the association of smoking with postoperative outcomes easier to detect in prior models. Anticoagulant or antiplatelet medication use was not significantly associated with adverse outcomes, a finding that is consistent with previously published studies. 4, 16, 17 A history of diabetes mellitus was also not associated with postoperative complications. Although diabetes is associated with adverse outcomes in head and neck free flap reconstruction, this was not true in prior studies 4, 11, 18 that examined the association of diabetes with MMS defect reconstruction. Future studies would require establishing the optimal period for improved graft outcomes based on other measures of graft success, such as aesthetic outcomes and wound contraction, which are especially important in the nasal valve area. In these future studies, detailed wound bed assessments at consultation and just before reconstruction could determine the correlation of granulation tissue formation and the adequacy of wound care with postoperative complications. Assessments of sebaceous gland density and donor skin thickness could help identify possible explanations for differences in outcomes between sexes.
Delaying reconstruction may provide another means to improve the outcomes of FTSGs and composite grafts. From our findings, discussing the potential benefit of delayed wound grafting may be presented to patients while taking into account their willingness to care for an open wound and surgery scheduling needs. This counseling is most important in a select group of patients at increased risk for postoperative complications, such as current smokers, patients with large defects, and patients with defects in which a composite graft will be used for reconstruction.
Strengths and Limitations
The strengths of our study include our large patient population and the inclusion of composite grafts in our cohort for analysis, which has not been done before this study. 4, 11 The postoperative graft recipient site care and postoperative evaluation were also standardized between the 2 senior authors (S.S.P. and J.J.C.). The retrospective nature of this study was a limitation because we relied on the documentation available in the electronic medical record. The distribution of time to delay was nonparametric; therefore, we could accurately evaluate time to delay as a linear variable. Given the nonparametric distribution, we followed the statistical practice of picking the third quartile as a binary variable (before/after). Thus, we could not directly compare the days of delay with other studies 3,6 that found 12 to 14 days of delay (and also the preferred minimum delay time by J.J.C.) or pick a statistically strongest day beyond which delay confers the most protection using a receiver operating characteristic curve. Patients were also referred from multiple Mohs surgeon practices, where postoperative care was not standardized. The largest component of our complications was partial graft necrosis (87 of 107 complications), most of which was epidermolysis (Table 2 ). Because grafts with epidermolysis typically heal well without any long-term adverse events, it could be argued that measuring epidermolysis as a complication is not clinically sensible. However, as an indicator of graft health and viability, epidermolysis is important to observe and gives a measure to compare grafting techniques because total graft loss occurs at such a low event rate (10 total losses of 320 grafts) that comparison becomes statistically difficult.
Comparison of Outcomes of Early vs Delayed Graft Reconstruction of Mohs Surgery Defects
Original 
Conclusions
It is important to counsel patients regarding patient-specific and perioperative factors that may improve graft survival. In this study, we found that early reconstruction and male sex were associated with increased rates of postoperative complications in FTSG and composite graft recipients. It may be particularly important to consider graft delay as a method of improving graft viability even in composite graft recipients or those with risk factors for adverse outcomes, such as smokers. Further study is needed into the direct association between wound bed granulation tissue with graft success. Prospective study is also needed to confirm our findings and those by prior groups.
